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CHALCONE COUMARINS 



^ X]The present invention relates to a novel class of compounds which have structures 
A* related to ce\rtain naturally occurring and synthetic chalcones, as well as to methods 
5 for the prepalation of such compounds and to pharmaceutical uses thereof. 



^9^^jhe comftound 1 .3-diphenyl-2-propene-1-one is known by the trivial name 
5 M chalcone. Many naturally occurring flavonoids share structural features with 
chalcone anov are referred to by the generic term "chalcones". Also, certain 

1C0 flavonoids, inckiding ones which are also classified as chalcones, have recently 

m \ 

RJ been demonstrated to have anticancer activity (Cancer Research 48^ 5754, 1 988) 



B 



u 



and chemopreventive activity in some tumours (J. Nat. Prod. 53, 23, 1990). 



H In particular, quercetin, an ubiquitous fiavonoid found in plants, has been shown to 
1^ act on the proliferation of human leukemic cells (Br. J. of Haematology, 75, 4-89, 
^- 1990) and on other cell lines (Br. J. Cancer 62 94, 942, 1990; Int. J. Cancer, 4-6, 
112, 1990; Gynaecologic Oncology, 45, 13, 1992) and to possess a synergic 
action with common antiblastic drugs. 

20 In addition, some natural or synthetic chalcones, described in our International 
Patent Publication No. WO 91 17749 and in International Patent Publication No. WO 
96/19209 (Baylor College of Medicine) have prdved to have a significant 
antiproliferation activity on a variety of different cell lines. 

25 Although the mechanism of action of the antiproliferative activity of flavonoids and 
chalcones is still unknown, it is believed to be linked to the interaction of these 
compounds with type II estrogen receptors. 
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The action in vivo of these polyphenol substances is certainly much more 
complicated. All these compounds are generally characterised by an ainnost 



complete insolubility in water and, in vivo, by a very poor btoavailability linked to 
a rapid metabolism of phenols and a marked affinity for lipids and proteins. 

Surprisingly, it has now been found that certain novel chalcones, chaicone 
derivatives and chaicone analogues, in particular ones in which the phenyl ring in 
the 1 -position is substituted or replaced by rings containing one or more 
heteroatoms, possess a greater antiproliferation activity both on sensitive cancerous 
ceils and on cells which are resistant to common chemotherapeutic drugs, including 
the latest generation anti-neoplastic agents, pacitaxel and docetaxel. 




or a pharmaceutically acceptable salt or solvate thereof wherein: 
Ar represents: 

a substituted or unsubstituted, (preferably aromatic), carbocyclic or heterocyclic 
group, said carfoocydic or heterocyclic group containing from 5 to 10 ring atoms, 
said ring atoms forming one or two rings, wherein the or each ring contains 5 or 
6 ring atoms, any heteroatoms being selected from N, O and S, any substituents 
on the Ar group being independently selected from the group consisting of: 

(a) CI. (b) Br. (c) F. (d) OH. (e) NO^. (f) CF3. (g) lower alkyi (in 
particular CH3). (h) SCH3, (1) NHCOCH3. Q) N(R*)(R«) wherein R*^ and 
are the same or different and each represents H or lower C^^ aikyl* 
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(k) OR^" wherein R^** represents a saturated or unsaturated lower C,^ 
straight or branched hydrocarbyl group which may be unsubstituted or 
substituted by 1 , 2 or 3 substituents selected from: 
CI. Br, F, OMe. NOjand CF3, 
5 and (I) -OCOR", wherein R" represents a saturated or unsaturated lower 

straight or branched hydrocarbyl group or a phenyl group; 

R represents 

P OH, OR^" or OCOR". wherein R'^and R" are as defined above; and 

H R** represents H or a lower C^^ straight or branched hydrocarbyl group which may be 
IQfi unsubstituted or substituted by 1 , 2 or 3 substituents selected finom CI. Br. F, OMe. NOj 
li andCFj. 

m . ■ 

J^(3(© ^^^A preferred class of compounds of Formula (I) are those wherein Ar represents a 
P /\ "^substituted or unsubstituted (preferably aromatic), heterocyclic group said heterocyclic 

I s 5 \ 

1^ group containmg from 5 to 10 ring atoms, said ring atoms forming one or two rings, 
wherein the or each ring contains 5 or 6 ring atoms, the heteroatoms being selected 
from N, O and S, ^nd any substituents on the Ar group being independently selected 
from the group consisting of: 

(a) CI, (b) Br. (c) F. (d) OH, (e) NO2, (f) CF3. (g) C^^ lower alkyi (in particular 
20 CH3), (h) SCH3,\i) NHCOCH3, G) N(R^)(R«) wherein and R« are the same or 

different and each^presents H or lower C^^ alkyI (preferably and R^are the 
same or different ancLeach represents H or lower C^^ allcyi). (k) OR^^wherein R^^ 
represents a saturated or unsaturated lower C^^ straight or branched 
hydrocarbyl group whio|i may be unsubstituted or substituted by 1, 2 or 3 
25 substituents selected fro 

CI, Br, F. OMe, NOj^nd CF3, 
and (I) -OCOR^\ wherein R^represents a saturated or unsaturated lower C^^ 
straight or branched hydrocamyl group or a phenyl group. 
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In a preferred class of compounds, Ar contains a basic nitrogen function, for example, 
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by virtue of a heterocyclic nitrogen ring atom being present, or Ar may contain a 
substituent having a basic nitrogen, such as an amine, or an acetamido function. Thus 
accordingly, the Ar group is preferably a substituted or unsubstituted (preferably 
aromatic), heterocyclic group, said heterocyclic group containing from 5 to 10 ring 
5 atoms, wherein at least one of the ring atoms is a nitrogen atom and any substituent on 
the ring is as defined as for Formula (I), Particulariy preferred Ar groups include pyridyl 
or indoiyl. 

p A second preferred group of compounds of Fonnula (I) are those wherein Ar represents 
10p] a substituted or unsubstituted (preferably aromatic), cartx>cyciic group, said cart>ocyclic 

m group containing from 5 to 10 ring atoms, said ring atoms forming one or two rings, 

fij 

iH wherein the or each ring contains 5 or 6 ring atoms, and any substituents on the Ar 
p group being independentiy selected from the group consisting of: 
I (a) CI, (b) Br, (c) F, (d) OH, (e) NO^, (f) CF3, (g) C,^ lower alkyi (in particular 

150 CH3), (h) SCH3, (i) NHCOCH3. a) N(R^)(R*) wherein R« and R« are the same or 

J different and each represents H or lower C^^ alkyl, (k) OR^*^ wherein 

represents a saturated or unsaturated lower C,^ straight or branched 
hydrocarbyl group which may be unsubstituted or substituted by 1, 2 or 3 
substituents selected from: 
20 CI. Br. F. OMe. NOsand CF3, 

and (!) -OCOR^\ wherein R^^ represents a saturated or unsaturated lower C^^ 
straight or branched hydrocarbyl group or a phenyl group. 

For the compounds of Formula (I), any substituents on the Ar group are preferably 
25 selected from the group consisting of: NHCOCH3, N(R**)(R®). OR^° and -0COR'\ 
wherein R®, R®, R^^^and R^^ are as defined as above for Formula (I), R^** and R^- 
preferably represent a saturated or unsaturated C^^ straight chain or branched 
hydrocarbyl group, in particular methyl, ethyl, n-propyl or isopropyl. 

30 Of this preferred class, Ar is preferably substituted with one or more 0R^° groups, 
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wherein represents a saturated or unsaturated lower C^^ straight or branch d 
hydrocarbyl group. An especially preferred R^^ group is methyl. Particularly preferred 
Ar groups include phenyl or phenyl substituted with 1 , 2 or 3 methoxy groups. 



fcssF 



For the preferred class of compounds wherein Ar comprises at least one basic nitrogen 
function, and wherein Ar represents a carbocyclic ring, the basic nitrogen function is 
provided by virtue of the carbocyclic ring comprising at least one substituent selected 
from NHCOCH3 or N(R^)(R®), wherein R^and R® are as defined as for Fonmula (I). 



lOm For the compounds of Formula (I), R preferably represents an unsaturated lower C,^ 

m 

straight or branched hydrocarbyl group. In particular, R represents OCH=C(CH3)2, 

^ OCHjCMesCHj. OCH2CH=CH2 or OCHsGsCH. An especially prefen^d group of 

p compounds are those wherein Ar is selected from phenyl, trimethoxyphenyl, 3-pyridyl, 

^ 4-pyridyl or 3-indolyl and R is selected from OCH=C(CH3)2, OCH2CMe=CH2, 

15b 0CH2CH=CH2 or OCHjC^H. 

m ■ . ■ 

For the compounds of Formula (I), preferably represents a lower C,^ straight or 
branched hydrocarbyl group, especially methyl. 

20 A further group of preferred compounds of Formula (I) include those wherein: 
Ar represients 

phenyl, which may be unsubstituted or substituted by one, two or three 
substituents independently selected from 

CI, Br, F, OMe. NO2, CF3. C,^ lower alkyi (in particular CH3), NMej. NEts. 
25 SCHaand NHCOCH3; 

thienyl, 2-furyl, 3-pyridyl, 4-pyriclyl or indoiyl. 
R represents 

OH or OCHzR', wherein is selected from -CH=CMe2. -CMe^CHj. -CH=CH2 
and -C=CH. 
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It will be appreciated that compounds of Formula (I) which contain a basic amino 
function may be converted to acid addition salts, with pharmacologically acceptable 
acids, e.g. hydrochloric acid and phosphoric acid. Such salts are also included in the 
present invention. 

5 

The present invention also provides the use of a compound of Fomnula (I) in the 
manufacture of an antiproliferative medicament In particular, the compounds of the 

M present invention may be useful for the manufacture of a medicament for the treatment 

B 

□ or prevention of neoplasms, particularly those located in the uterus, ovary or breast. In 

<! ■ 

10 ||i particular, the compounds may be useful for the manufacture of a medicament for the 
treatment of cancer cells that are resistant to paclitaxel and docetaxel. 

p The compounds of Fomnula (I) may advantageously be used in combination therapies 
^ involving the combined use of a compound of Formula (I) and another anti-neoplastic 
15 Hi agent, especially paclitaxel or docetaxel. The combination therapy may involve 
ru simultaneous or successive administration of a compound of Formula (I) and an snti- 
neoplastic agent. Such combination therapy forms a further aspect of the invention. 

The compounds of the invention may be further used in the manufacture of a 
20 medicament for the treatment or prevention of menopausal disorders and osteoporosis. 

The present invention further includes a pharmaceutical composition comprising one 
of more of the compounds of Fomnula (I) In combination with one or more 
pharmaceutically acceptable exclpients. 

25 

The invention will now be described by way of illustrative examples and with reference 
to the accompanying formulae drawings. 
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EXAMPLES 



Example 1 . - General conditions to obtain chalcones. 




A solution of KOH 50% (3 ml) Is added to an equimolar solution of a ketone 



m (0.0075 mot) and an aldehyde (0.0075 mol) in ethanol 95%; the addition is 

f- 

til performed under energetic stirring at room temperature. The reaction is left under 
stirring for one night and then diluted with water and acidified. The precipitate is 
10 separated by filtration and dried under vacuum. The compounds are crystallized by 
ethanol or first separated by chromatography and then crystallized by ethanol. 

Method B. 

A solution of a ketone (0.0075 mol), an aldehyde (0.0O75 mol), piperidine 
15 (15 ml) and acetic acid (75 ml) in ethyl alcohol 95% (80 ml) is countercurrent 

heated for 5 hours. Molecular sieves are added to the solution to eliminate water 
and the whole is left at rest for one night. The precipitate that is generally obtained 
is gathered and crystallized. If the product does not precipitate in these conditions, 
the solvent is vacuum evaporated and the residue is purified by chromatography on 
•20 silica gel column. 



Example 2. 1 -[4-Methyl-7-(3-m thyibut-2-enyloxy)coumarin-8-yl]*3-(pyridin -3-yl)- 

propen-1-one (see accompanying formula drawing VIB 106). 
A solution of KOH 50% (3 ml) is added to an equlmoiar solution of 4-methyl-7-(3- 
methylbut-2-enyloxy)-8-acetylcoumarin (2.14g, 0.0075 mol) and pyridin-3-carboxy- 
aldehyde (0.8 0.0075 mol) in ethanol 95%; the addition is performed under 
energetic stirring at room temperature. The reaction is left under stirring for one 
night and then diluted with water and acidified. The precipitate is separated by 
filtration and dried under vacuum. The compound is crystallized by ethanol to give 
0.84 g of product m.p. 156-157X 'H-NMR {GDCI3) 5: 1.69 (s, 3H); 1.72 (s, 3H); 
2.44 (d, 3H. J = 1.22 Hz); 4.65 (d, 2H, J = 6.5 Hz); 5.34-5.38 ( 1H); 6.16 
(d, 1H, J = 1.2 Hz); 6.95 (d, IN, J = 8.8 Hz); 7.07 (d, 1H, J = 18 Hz); 7.36 (d, 
1H); 7.30-7.40 (m, 1H); 7.64 (d, 1H, J = 8.9 Hz); 7.90 (m, 1H); 8.58 -8.68 (m, 
2H). 

Example 3. 1 -[4-Methyi-7-{3*methylbut-2*-enyloxy)coumarin-8-yi]-3-phenyl-propen- 
1-one (see accompanying forafiuia drawing VIB 1 1 9). 

A solution of KOH 50% (3 ml) is added to an equimoiar solution of 4-methyi-7-(3- 
methylbut*2-enyldxy)-8-acetyicoumarin (2.14 g, 0.0075 mol) and benzaldehyde 
(0.8 g, 0.0O75 mol) in ethanol 95%; the addition is performed under energetic 
stirring at room temperature. The reaction is left under stirring for one night and 
then diluted with water and acidified; the precipitate is separated by filtration and 
dried under vacuum. The compound is crystallized by ethanol to give 1.34 g of 
product m.p. 1 14-16'C, 'H-NMR (CDCI3) 5: 1 .69 (s, 3H); 1.72 (s, 3H); 2.44 (d, 3H, 
J = 1 .22 Hz); 4.65 (d, 2K J = 6.5 Hz); 5.34-5.38 (m, 1H); 6.1 6 (d, 1H, J= 1 .2 
Hz); 6.95 (d, 1H, J = 8.8 Hz); 7.00 (d, 1 H, J = 18 Hz); 7.10 (d, 1H); 7.30-7.40 
(m, 3H); 7.45 -7.52 (m, 12H); 7.61 (d, 1 H, J = 8.9 Hz). 



Example 4. 1 -[4-Methyl-7-(3-methylbut-2-enyloxy)coumarin-8-yl]-3-{3A5-tri- 

methoxyphenyl)propeh-1-bne (see accompanying fomiula drawing 
VIB 120). 

A solution of KOH 50% (3 ml) is added to an equimolar solution of 4-methyl-7-{3- 
methylbut-2-enyloxy)-8-acetylcoumarin (2.14 g, 0.0075 mol) and 3,4,5-trimethoxy- 
benzaldehyde (1.47 g, 0.0075 mol) in ethanol 95%; the addition is performed 
under energetic stirring at room temperature. The reaction Is left under stirring for 
one night and then diluted with water and acidified. The precipitate is separated 
by filtration and dried under vacuum. The compound is crystallized by methanol to 
give 1.3 g of product m.p. 148-150'G, 'H-NMR (CDCI3) 5: 1.69 (s, 3HJ; 1.72 (s, 
3H); 2.44 (d, 3H, J = 1.2 Hz); 3.74 - 3.88 (m, 9H); 4.65 (d, 2H, J = 6.5 Hz); 
5.34-5.38 (m, 1H); 6.16 (s, 1H); 6.93 (d, 1H, J = 16 Hz); 6.95 (d, IN, 
J = 8.9 Hz); 7.25 (d, 1H, J = 16 Hz); 7.63 (d, 1 H, J = 8.9 Hz). 

Example 5. 1-[4-Methyi-7-(2-methylallyioxy)coumarin-8-yn-3-(pyridine*3-yl)-prop 

1-one (see accompanying formula drawing VIB 122). 
A solution of KOH 50% (3 ml) is added to an equimolar solution of 4-methyi-7- 
methylaIlyloxy-8-acetylcoumarin (2.04 g, 0.0075 mol) and pyridin-S-carboxy- 
aldehyde (0.8 g, 0.0075 mol) in ethanol 95%; the addition is performed under 
energetic stirring at room temperature. The reaction is left under stirring for one 
night and then diluted with water and acidified. The precipitate is separated by 
filtration and dried under vacuum. The compound is crystallized by methanol to 
give 0.8 g of product m.p. 1 10-12*C, ^H-NMR (CDCI3) 8: 1.74 {s, 3H); 2.43 (s, 3H); 
4.55 (s, 2H); 4.98 (d, 2H, J = 15 Hz); 6,16 (s, IN); 6.93 (d, 1 H, J = 8.9 Hz); 
7.09 (d, 1H, J = 16 Hz); 7.35-7.37 (m, 1 H); 7.36 (d, 1H, J = 1 6 Hz); 7,64 (d, 
IK J = 8.9 Hz); 7.85 (d, 1H, J =7 Hz); 8.58 (d, 1H, J = 5 Hz); 8.67 (s, 1 H). 
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Example 6. 1-[4-Methyl-7-(2-m thylailyloxy)c umarin-8-yll-3-ph nyi-propen-1 -one 
(see accompanying formula drawing VIB 121 ). 

A solution of KOH 50% (3 ml) is added to an equimolar solution of 4-metlnyi-7- 
methyiallYloxy-8-acetylcoumarin {2.04 0.0075 mol) and benzaldehyde (0.8 g, 
0.0075 mol) in ethanol 95%; the addition is performed under energetic stirring at 
room temperature. The reaction is left under stirring for one night and then diluted 
with water and acidified. The precipitate is separated by filtration and dried under 
vacuum. The compound is crystallized by methanol to give 1 .2 g of product 
m.p.158-160'C, 'H-NMR (CDCI3) 6: 1.74 (s, 3H); 2.43 (s, 3H); 4.55 {s, 2H); 4.98 
(d, 2H, J = 15 Hz); 6J6 (s, 1H); 6.93 (d, 1H, J = 8;9 Hz); 7.02 (d, 1H, J = 
16 Hz); 7.43-7.53 (m, 4H); 7.61 (d, IN, J = 8.9 Hz). 

Example 7. 1 -[4-Methyl-7-(2-methylalIyloxy)coumarin-8-yll-3-(3-methoxy-phenyl)- 

propen-1-one (see accompanying formula drawing VIB 162). 
A solution of KOH 50% (3 ml) is added to an equimolar solution of 4-methyi*7- 
methylaliyloxy-8-acetylcoumarin (2.04 g, 0.0075 mol) and 3*methoxybenzaldehyde 
(1.01 g, 0.0075mdl) in ethanol 95%; the addition is performed under energetic 
stirring at room temperature. The reaction is left under stirring for one night and 
then diluted with water and acidified. The precipitate is separated by fiitration and 
dried under vacuum. The compound is crystallized by methanol to give 1 .6 g of 
product m.p. 85-87"C, 'H-NMR (CDCy 5: 1 .74 (s, 3H); 2.43 (s, 3H); 3.85-3.88 (m, 
3H); 4.55 (s, 2H); 4.98 (d, 2H, J = 15 Hz); 6,16 (s, 1H); 6.93 (d, 1H, J = 8.9 Hz; 
7.02 (d, 1H, J = 16 Hz); 6.95 -7.12 (m, 3H); 7.26 (m, 1H); 7.30 (d, IH, J = 16 
Hz); -7.61 (d, 1 H, J = 8.9 Hz). 

Example 8. 1 -I4-l\/lethyl-7-(2-methylallyloxy)coumarin-8-yll-3-(3,4,5-trimethoxy- 
phenyl)-propen-1-one (see accompanying formula drawing VIB 1 23). 
A solution of KOH 50% (3 ml) is added to an equimolar solution of 4-methyl-7- 
methylallyloxy-8-acetylcoumarin (2.04 0.0075 mol) and 3,4,5-trimethoxy- 
benzaidehyd (1.47 g, 0.0075 mol) in ethanol 95%; the addition is performed 
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under energetic stirring at room temperature. The reaction is left under stirring for 
one night and then diluted with water and acidified. The precipitate is separated 
by filtration and dried under vacuum. The compound is crystailtzed by methanol to 
give 1.7 g of product m. p. 128-130"C, 'H-NMR (CDCI3) 5: 1.74 (s, 3H); 2.4-3 (s, 
3H); 3.75- 3.88 (m, 9H); 4.55 (s, 2H); 4.98 (d, 2H, J = 15 Hz); 6,16 (s, 1H); 6.72 
(s, 1H); 6.93 (d, 1H, J = 8.9 Hz); 6.94 (d, 1H, J = 16 Hz); 7.23(d, IH, J = 16 
Hz); 7.61 (d, 1H, J = 8.9 Hz). 

Example 9. 1-[4-Methyl-7-(allyIoxy)coumarln-8-yl]-3-phenyl-propen-1-one (s e 
accompanying fomnula drawing VIB 158) 

A solution of KOH 50% (3 ml) is added to an equimolar solution of 4-methyl-7- 
allyloxy-8-acetylcoumarin (1 .93 g, 0.0075 mol) and benzaidehyde (0.8 g, 0.OO75 
mot) in ethanol 95%; the addition is perfomned under energetic stirring' at room 
temperature. The reaction is left under stirring for one night and then diluted with 
water and acidified. The precipitate is separated, by filtration and dried under 
vacuum. The compound is crystallized by methanol to give 1 .1 g of product m.p. 
136-139*C, 'H-NMR (CDCI3) 8: 2.43 (s, 3H); 4.65 (d. 2H, J = 5.1 Hz); 4.25-4.55 
(m, 2H); 5.15- 5.35 (m, 1H); 6,16 (s, 1H); 6.93 (d, 1H, J = 8.9 Hz); 7.03 (d, 1H, 
J = 16 Hz); 7.04 - 7.15 (m, 3H); 7.15 - 7.26 (m, 2H); 7.33 (d, IH, J = 16 Hz); 
7.64 (d, IN, J = 8.9Hz). 

Example 10.1 -[4-Methyl-7-(allyioxy)coumarin-8-yl]-3-(pyridin-3-yl)-propeh-1 -one. 
(see accompanying fomiula drawing VIB 161). 

A solution of KOH 50% (3 ml) is added to an equimolar solution of 4-methyl-7- 
allyloxy-8-acetylcoumarin (1 .93 0.0075 mol) and pyridin-3-carboxyaldehyde (0.8 
g, 0.0075 mol) in ethanol 95%; the addition is performed under energetic stirring 
at room temperature. The reaction is left under stirring for one night and tlnen 
diluted with water and acidified. The pr cipitate is separated by fiitration and dried 
under vacuum. The compound is crystallized by ethanol to give 0.6 g of product 
m.p. 124-126*C, 'H-NMR (CDCI3) 6: 2.43 (s, 3H); 4.65 (d, 2H, J = 5.1 Hz); 4--25- 



4.55 (m, 2H); 5.15 - 5.35 (m, 1 H); 6.16 (s, 1H); 6.93 (d, 1H, J = 8.9 Hz); 7.08 
(d, 1H, J = 16 Hz); 7.30 (d, 1H, J = 16 Hz); 7.49 (d, 1H, J = 8.9 Hz); 7.83-7.87 
(m, 1H); 8.58 (d, 1H, J = 5 Hz); 6.87 (s, 1H). 

Example 11.1- [4-Methyl-7-(allyioxy)couiTiarin-8-yl] -3-{3Hnethoxyphenyf)-prop n- 
1 -one (see accompanying formula drawing VIB 1 59). 

A solution of KOH 50% (3 ml) is added to an equimolar solution of 4-methyl-7- 
alIyloxy-8-acetylcoumarin (1.93 g, 0.0075 mol) and 3-methoxybenzaldehyde (1 .01 
g, 0.0075 mol) in ethanol 95%; the addition is perfomned under energetic stirring 
at room temperature. The reaction is left under stirring for one night and th n 
diluted with water and acidified. The precipitate is separated by filtration and dried 
under vacuurn. The corhpound is crystallized by methanol to give 1 .6 g of product 
m.p. 61-63'C 'H-NMR (CDCI3) 8: 2.43 (s, 3H); 3.82 (s, 3H); 4.65 (d, 2H, J = 5.1 
Hz); 5.20-5.42 (m, 2H); 5.82-6.02 (m, 1 H); 6,16 (s, 1H); 6.90 (d, 1H, J = 8,9 
Hz); 7.15 (d, 1H, J = 16 Hz); 6.90-7.15 (m, 3H); 7.15 (d, 1H, J = 16 Hz); 7.20- 
7.29 (m, 1H); 7.30 (d, 1H, J = 16 Hz); 7.64 (d, 1H, J = 8.9 Hz). 

Example 1 2. 1 -[4TMethyl-7-(allyioxy)coumarin-3-yl]-3-(3,4,5-trlmethoxyphenyl}- 

propen-1-one (see accompanying formula drawing VIB 160). 
A solution of KOH 50% (3 ml) is added to an equimolar solution of 4-methyl-7- 
allyloxy-8-acetylcoumarin (1.93 9, 0.0075 mol) and 3-methoxybenzaldehyde (1 .47 
g, 0.0075 mol) in ethanol 95%; the addition is performed under energetic stirring 
at room temperature. The reaction is left under stirring for one night and then 
diluted with water and acidified. The precipitate is separated by filtration and dried 
under vacuum. The compound is crystallized by methanol to give 1 .8 g of product 
m.p. 138-140*C 'H-NMR (CDCI3) 6: 2.43 (s, 3H); 3.82 -3.91 (m, 9H); 4.65 (d, 2H, 
J = 5,1 Hz); 5.25 - 5.40 (m, 2H); 5.90 - 6.02 (m, IH); 6.16 (s, 1 H); 6.74 (s, 2H); 
6.90-7.15 (m, 3H); 7.15 (d, IH, J = 16 Hz); 7.20 - 7.29 (d, 1 H, J = 16 Hz); 
7.70{d, IH, J = 8.9). 



-13- 



Example 13.1 -[4-Methyl-7-(prop-2-ynyioxy)coumarin-8-yl]-3-(3,4,5-trimethoxy- 
phenyl)-propen-1-one (see accompanying formula drawing VIB 126). 

A solution of KOH 50% (3 ml) is added to an equimolar solution of 4-methyl-7- 
prop-2-ynyloxy-8-acetylcoumarin (1.92 g, 0.0075 mol) and 3,4,5-trimethoxy- 
5 benzaldehyde (1.47 g, 0.0075 mol) in ethanol 95%; the addition is performed 
under energetic stirring at room temperature. The reaction is left under stirring for 
one night and then diluted with water and acidified. The precipitate is separated 
^ by filtration and dried under vacuum. The compound is crystaliized by ethanol to 

□ give 1.1 g of product m.p. 191-93'C, 'H-NMR {CDCI3) 8: 2.45 (s, 3H); 2.53-2.56 

SJ 

lOyT (m, 1H); 3.83-3.85 (m, 9H); 4.82 (d, 2H, J = 2.2 Hz); 6.20 (s, 1 H); 6.72 (s, 2H); 



m 
m 

yi (d, 1H, J = 8.9 Hz). 



6.92 (d, 1H, J = 16 Hz); 7.12 (d, 1H, J = 8.9 Hz); 7.15 (d. 1H, J = 16 Hz); 7.67 



tj ■ 

Example 14. 1-[4-Methyl-7-(prop-2-ynyloxy)cGumarin-8-yl]-3-phenyipropen-1 -one 

15^ (see accompanying fonnula drawing VIB 124). 

□ 

|U A solution of KOH 50% (3 ml) is added to an equimolar solution of 4-methyl-7- 
prop-2-ynyloxy-8-acetylcoumarin (1.92 g, 0.0075 mol) and benzaldehyde (0,8 g, 
0.0075 mol) in ethanol 95%; the addition is performed under energetic stirring at 
room temperature. The reaction is left under stirring for one night and then diluted 

20 with water and acidified. The precipitate iis separated by filtration and dried under 
vacuum. The compound is crystallized by ethanol to give 0.8 g of product m.p. 
140-42'C, 'H-NMR (CDCI3 ) 5 : 2.45 (s, 3H); 2.53-2.56 <m, IN); 4.82 (d. 2H, J = 
2.2 Hz); 6.20 (s, 1 H); 7.02 (d, 1 H, J = 16 Hz); 7;1 3 (d, 1 H, J - = 8.9 Hz); 7.32 (d, 
1H, J = 16 Hz); 7.35 -7.45 (m, 3H); 7.48 - 7.52 (m, 2H); 7.67 (d, 1H, J = 

25 8.9 Hz). 

. Example 15. 1-[4-Methyl-7-(prop-2-ynyloxy)coumarin-8-yn-3-(pyridin-3-yl)i)ropen-1- 

n (see accompianying f rmula drawing VIB 125). 
A solution of KOH 50% (3 ml) is added to an equimolar solutbn of 4-methyl-7-prop-2- 
30 ynyioxy-8-acetylcoumarin (1.92 g. 0.0075 mol) and pyridln-3-carboxy aldehyde (0.8 g. 
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0.0075 mol) in ethanol 95 /o; the addition is performed under energetic stirring at room 
temperature. The reaction is left under stirring for one night and then diluted with water 
and acidified. The precipitate is separated by filtration and dried under vacuum. The 
compound is crystallized by ethanol to give 0.7 g of product m.p. 203-205*C, ^H-NMR 
5 (CDCI3 ) 6: 2.45 (s, 3H); 2.53-2.56 (m. 1 H); 4.82 (d 2H. J = 2.2 Hz); 6.20 (s. 1 H); 7.02 
(d, 1H, J = 16 Hz); 7.13 (d, 1H, J = 8.9 Hz; 7.32 (d. 1H. J = 16 Hz); 7.28-7.35 (m, wy. 
7.69 (d. 1 H. J = 8.9 Hz); 7.88 - 7.92 (m. 1 H); 8.58 - 8.62 (m, 1 H); 8.66 (s. 1H). 

□ Example 1 6. 1 -[4-Methyl-7-(prop-2-ynyloxy)coumarin-8-yl]-3-{3-methoxyphenyl)- 
10^ propen-1-one (see accompanying forrnuia drawing VIB 163). 

p A solution of KOH 50% (3 ml) is added to an equimoiar solution of 4-methyl-7-prop-2- 

?4 ynyloxy-8-acetylcoumarin (1.92 g. 0.0075 mol) and 3-methoxybenzaldehyde (1 .01 g. 

{ 0.0075 mol) in ethanol 95%; the addition is performed under energetic stirring at room 

^ temperature. The reaction is left under stirring for one night and then diluted with water 

15|^ and acidified. The precipitate is separated by filtration and dried under vacuum. The 

□ compound is crystallized by methanol to give 1.5 g of product m.p. 1 54-56°C. ^H-NMR 
^" (CDCIa) 5: 2.45 (s. 3H); 3.48 (m. 1 H; 3.81 (s. 3H): 4.82 (d. 2H. J = 2.2 Hz); 6.15 (s, 1 H); 

6.90 - 7.26 (m, 5H); 7.10 (d, 1H, J = 8.9 Hz); 7.65 (d. 1 H, J = 8.9 Hz). 

20 Example 17.1 -[4-Methyl-7-<allyloxy)coumarin-8-yl]-3-(4-chlorophenyl)-propen- 1 -one 

(see accompanying formula drawing VIB 241). 
A solution of KOH 50% (3 ml) is added to an equimoiar solution of 4-methyl-7-allyloxy- 
8-acetylcoumarin (1.93 g, 0.0075 mol) and 4-chlorobenzaldehyde (1 .05 g, 0.0075 mol) 
in ethanol 95%; the addition is performed under energetic stirring at room temperature. 

25 The reaction is left under stirring for one night and then diluted with water and acidified; 
the precipitate is separated by .filtration and dried under vacuum. The compound is 
crystallized by methanol to give 1.1 g of product m.p. 153-155*'C. ^H-NMR (CDCI3) 5: 
2.42 (d. J=1 .2 Hz, 3H). 4.65 (m. 2H). 5.2 (m, 2H), 6.15 (m. IN), 6.91-7.61 (m. 8H). 
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Example 18. 1-[4-Methyl-7-(prop-2-ynyioxy)coumarin-8-yl]-3-<4-fluoro*ph nyl)* 
propen-1-one (see accompanying fomiula drawing VIB 240). 

A solution of KOH 50% (3 ml) is added to an equimoiar solution of 4-methyl-7-prop-2- 
ynyloxy-8-acetylcoumarin (1.92 g, 0.0075 mol) and 4-fluoroben2aldehyde (0.93 g, 
0.0075 mol) in ethanol 95%; the addition is perfonmed under energetic stimng at room 
temperature. The reaction is left under stirring for one night and then diluted with water 
and acidified; the precipitate is separated by filtration and dried under vacuum. The 
compound is crystallized by ethanol to give 1.2 g of product m.p. 1 85-186^0, ^H-NMR 
(CDCyS: 2.43 (d, J=1.2 Hz. 3H). 2.52 (m. 1H),4.79 (d, J=1.2 Hz, 2H), 6.17(d. J=1.2 
Hz, 1 H), 6.96-7,66 (m, 8H). 

Example 19. 1-[3-methyl-7-methoxy}coumarin-8-yq-3-(24hlenyl)-propen-1-one (see 
accompanying formula drawing VIB 242). 

A solution of KOH 50% (3 ml) is added to an equimoiar solution of 7-methoxy-8-acetyl- 
3-methylcoumarine (1.74 g, 0.0075 mol) and 2-thio-phenecarboxyaldehyde (0.84 g, 
0.0075 mol) in ethanol 95%; the addition is performed under energetic stimng at room 
temperature. The reaction is left under stirring for one night and then diluted with water 
and acidified; the precipitate is separated by filtration and dried under vacuum. The 
compound is crystallized by methanol to give 1.8 g of product m.p. 172-173*^0. ^H-NMR 
(CDCy 5: 2.46 (d. 3H). 4.0 (s. 3H). 6.21 (d, J=1.2 Hz, 1H), 6.91-7.84 (m, 7H). 

Example 20. 1-[4-Methyl-7-(allyloxy)coumarin-8-yl]-3-(2,6-dichloro-phenyI)-propen- 
1-one (see accompanying formula clrawing VIB 243). 

A solution of KOH 50% (3 ml) is added to an equimoiar solution of 4-methyl-7-allyloxy- 
8-acetylcoumarin (1.93 g, 0.0075 mol) and 2,6-dichlorobenzaldehyde (1.31ag, 0.OO75 
mol) in ethanol 95%; the addition is performed under energetic stirring at room 
temperature. The reaction is left under stirring for one night and then diluted with water 
and acidified; the precipitate is separated by filtration and dried under vacuum. The 
conipound is crystallized by methanol to give 1.1 g of product m.p. 149-151*C, ^H-NMR 
(CDCI3) 5: 2.41 (m, 3H). 4,66 (m, 2H), 5.3 (m, 2H). 5.9 (m, 1H), 6.9-7.64 (m. 8H). 
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BIOLOGICAL EVALUATION 

Compounds VI B 106 and VI B 122 were tested for their cytotoxicity against drug- 
resistant cancer cells, both alone, and in combination with paclitaxel. The results of 
these studies are shown below. 

When tested alone, compounds VIB 106 and VIB 122 were found to possess relatively 
low cytotoxicity (ICgo > 1 ^M) against drug-resistant cancer cells. 

The compounds were then evaluated in combination with paclitaxel for their cytostatic 
activity against the drug-resistant breast cancer cells MDA-435/LCC6-MDR. In the 
experiments, the compounds were used in combination with paclitaxel. the paclitaxel 
being at a concentration of 0.1 jiM, the ICg, of paditaxel decreases by 3-5 fold when used 
in combination with each of compounds VIB 106 and VIB 122, i.e. from 426 nM to 
130-86 nM compared with paclitaxel alone. Consequently, in the presence of thiese 
compounds, paclitaxel can recover its excellent inhibitoiy activities against the drug- 
resistant cancer cells. 



Compound 


ICso/nM 


% Reduction in IC50 of paditaxel 


Paclitaxel 


426 




VIB 106 + Paditaxel 


86 


80 


VIB 122 + Paditaxel 


130 


70 



Table 1 



Experimental 

The treatment consisted of concurrent exposure of MDA-435/LCC-MDR cells to 
paditaxel in the presence or absence of th compounds reversing agent (1 pM) for 72 h 
in vHrq. Assessment of cytotoxidty, i.e. cell growth inhibition, was determined according 
to the methods of Skehan, et al. as discussed in J. Nat. Cancer lnst.« 82. 1107, 1990. 
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Briefly, cells were plated between 400 and 1200 cells/well In 96 well plates and incubated 
at 37*»C for 1 5-18 h prior to drug addiction to allow attachment of cells. Compounds were 
solubilized In 100% DMSO and further diluted in RPMI-1640 containing 10 mM HEPES. 
After a 72 h incubation, 100 ml of ice-cold 50% TCA was added to each well and 
incubated for 1 h at A^C. Plates were then washed 5 times with tap water to remove TCA, 
low-molecular weight metabolites and serum proteins. SuHbrhodamine B (SR6) (0.4V . 
50 ml) was added to each well. Following a five minute incubation at room temperature, 
plates were rinsed 5 times with 0.1 % acetic acid and air dried. Bound dye was solubilized 
with 10 mM Tris Base (pH 10.5) for 5 min on a gyratory shaker. Optical density was 
measured at 570 nm. 
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